Restriction endonuclease-digested DNAs from several isolates of phase I and phase I1 Coxiella burnetii were compared using agarose gel electrophoresis and soft-laser scanning densitometry. Our results demonstrate that the two phases are, as previously assumed, alternative phases of the same organism. Although the restriction endonuclease digestion revealed genetic differences between clonal isolates of phase I and phase I1 C . burnetii Nine Mile strain, these differences do not appear to be related to antigenic phase variation. However, analyses of the fragment patterns generated by restriction enzyme digestion suggest potential grouping of the different isolates.
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I N T R O D U C T I O N
Coxiella burnetii, the aetiological agent of Q fever, is unique among the rickettsiae in that it undergoes 'antigenic' phase variation. Organisms isolated from natural infections or laboratory animals are in phase I. Repeated passage of phase I organisms through embryonated eggs (Fiset, 1975) or cultured cells (Baca et al., 1981 ; Baca & Paretsky, 1983) results in conversion to phase 11. Injection of such laboratory-derived phase I1 variants into guinea-pigs results in infection and reversion to phase I (Fiset, 1957) . In contrast, plaque-purified (cloned) isolates of phase I1 organisms do not undergo phase reversion and do not cause disease in guinea-pigs (M. Peacock, personal communication). Phase variation is apparently due to differences in cell surface constituents which also result in surface charge (Kraus et al., 1977) and antigenic (Fiset, 1957) differences. While organisms in these two phases appear morphologically identical by electron microscopy, they differ in density (Hoyer et al., 1963 ), virulence (Kazar et al., 1974 and uptake by phagocytes (Kazar et al., 1975; Kishimoto & Walker, 1976) . Chemical analyses of the two phases reveal differences in carbohydrate, protein (Jerrells et al., 1974) and lipopolysaccharide composition (Baca et al., 1980; Schramek & Mayer, 1982) . It is generally assumed that the basis for phase variation is genetic in nature and it has been suggested to be similar to the well known smooth-to-rough variation which occurs in members of the Enterobacteriaceae and other Gramnegative bacteria (Schramek & Mayer, 1982) .
A genome size of 1.04 x lo9 daltons as reported for C . burnetii (Myers et al., 1980) is small enough that chromosomal differences between phase I and phase I1 C . burnetii could be detected by restriction enzyme analysis. Similar analyses have been reported for Mycoplasma hyorhinis (Darai et al., 1982) , Chlamydia psittaci (McClenaghan et al., 1984) , and Rickettsia prowazekii (Regnery et al., 1983) . If a mutation leading from phase I to phase I1 resulted in an altered cleavage site or a substantial rearrangement in the genome, alterations in banding patterns 0001-2397 0 1985 SGM might be observed. This could be useful in identifying DNA fragments involved in phase variation. A preliminary report (O'Rourke et al., 1984) suggested that such a difference was indeed detectable and at least one laboratory is currently engaged in cloning the putative phase variation associated fragment (Vodkin et al., 1985) .
METHODS
DNAs were isolated from a variety of C . burnetii isolates using the procedures of Schleif & Wensink (198 I ) and Myers et al. (1980) . These rickettsiae were originally obtained from the Rocky Mountain Laboratory, Hamilton, MT, USA. Briefly, rickettsiae propagated in embryonated eggs were purified (Baca et al., 1980) and washed in 0.15 M -N~C I plus 0.015 M-sodium citrate pH 7.0 (SSC). Following centrifugation at 10400g for 30 min in a Sorvall HB-4 rotor, rickettsiae were resuspended in lysing solution consisting of pronase ( I mg ml-I) and 0.2% (w/v) sodium dodecyl sulphate in SSC. The mixture was incubated at 37 "C for 7 h. DNA was purified from the lysed rickettsiae by phenol extraction and precipitated with alcohol. The solubilized nucleic acid pellet was treated with RNAase, re-extracted with phenol and again precipitated in ethanol. The DNA pellet was dissolved in 10 mMTris/HCl, 10 mM-NaCI, 0.1 mM-EDTA, pH 7.0 (Schleif & Wensink, 1981 ) and stored at -80 "C. DNA concentration was determined by standard spectrophotometric methods (Schleif & Wensink, 198 I ) .
DNA was also isolated from C . burnetii propagated continuously for 237 d in L929 fibroblast cells as previously described (Baca et al., 1981) . Antigenic phase analysis of the purified rickettsiae was performed by complement fixation tests (Fiset, 1964) .
All restriction enzymes were purchased from New England Biolabs, and digestions were performed using reaction conditions suggested by the supplier. The reactions were carried out using 2.5-18 pg of the appropriate C. burnetii DNA in volumes of 20 pl; the reactions were allowed to proceed to completion (2-24 h, depending on the enzyme). Control digests were done with bacteriophage 1 DNA. Digested DNA was electrophoresed through 1 % (w/v) horizontal agarose gels in Tris/borate buffer (90 mM-Tris base, 90 mwboric acid, 2.5 mM-EDTA) pH 8.1. DNA was visualized by ethidium bromide staining (Maniatis et al., 1982) , and gels were photographed using type 55 Polaroid film. The negatives were examined with a Zeineh Soft Laser Scanning Densitometer (Bio-Rad).
RESULTS A N D DISCUSSION
No significant differences were apparent when the electrophoretic patterns of the following restriction enzyme digests of total DNA from non-cloned and cloned phase I and phase I1 Nine Mile C. burnetii were compared : AluI, BglI, EcoRI, HhaI, HincII, HindIII, HpaI, HpaII, MboI, MspI and PstI.
In contrast, a reproducible difference between egg-grown phase I and phase I1 C. burnetii Nine Mile strain was observed with the enzyme HaeIII. The highest molecular weight fragment (approx. 4-6 kbp) present in digests of DNA from phase I organisms (Fig. 1, lane I) was not found in phase I1 (Fig. 1, lanes G and H) DNA digests. Additional differences in the intensities of the second and third bands from comparative HaeIII digests of phase I and phase I1 C. burnetii Nine Mile strain DNAs were consistently observed when the gels were examined by laser densitometry (Fig. 2) . The possibility that these changes in HaeIII restriction fragments were related to the antigenic phase variation in C. burnetii caused us to examine a variety of isolates of this organism (Fig. 1) . However, no correlation between HaeIII digestion patterns and phase transition was observed. Indeed, all the phase I1 isolates except the Nine Mile strain had the 4.6 kbp fragment present. In another series of experiments, phase I Nine Mile C. burnetii was cultivated in L929 cells for 237d and changes in the HaeIII restriction endonuclease patterns were not observed as the population shifted from phase I to phase 11.
Although the restriction endonuclease digestion revealed genetic differences between the clonal isolates of phase I and phase I1 C. burnetii Nine Mile strain, these differences do not appear to be related to antigenic phase variation. However, analyses of the fragment patterns generated by restriction enzymes suggest potential grouping of the different isolates. We are currently analysing these and other isolates in order to identify possible intraspecies groups and potential virulence patterns. D. B. (1963) 
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